In earlier work, we introduced the notion of the F-histogram and demonstrated that it can be of great use in understanding the spatial organization of regions in images. Moreover, we have recently designed F-histograms coupled with mutually exclusive and collectively exhaustive relations between line segments. These histograms constitute a valuable tool for extracting topological relationship information from 2D concave objects. For any direction in the plane, they define a fuzzy partition of all object pairs, and each class of the partition corresponds to one of the above relations. The present paper continues this line of research. It lays the foundation for generating a linguistic description that captures the essence of the topological relationships between two regions in terms of the thirteen Allen relations. An index to measure the complexity of the relationships in an arbitrary direction is developed, and experiments are performed on real data.
Introduction
Work in the modeling of topological relationships often relies on an extension into the spatial domain of Allen's temporal relations (Allen 1983) . Although several alternatives and refinements have been proposed, a common procedure is to approximate the geometry of spatial objects by Minimum Bounding Rectangles (Nabil et al. 1995; Sharma and Flewelling 1995) . Many authors, e.g., (Goodchild and Gopal 1990) , have stressed the need to handle imprecise and uncertain information about spatial data. Qualitative spatial reasoning aims at modeling commonsense knowledge of space. Nevertheless, computational approaches for spatial modeling and reasoning can benefit from more quantitative measures, and the interest of fuzzy approaches has been widely recognized (Dutta 1991; Freeman 1975) .
In previous publications, we introduced the notion of the F-histogram (Matsakis 1998; Matsakis and Wendling 1999), a generic quantitative representation of the relative position between two 2D objects. Most work focused on particular F-histograms called force histograms. As demonstrated in (Matsakis 2002), these histograms can be of great use in understanding the spatial organization of regions in images. For instance, they can provide inputs to systems for linguistic scene description (Matsakis et al. 2001) . Moreover, we have recently shown (Matsakis and Nikitenko, to appear) that the F-histogram constitutes a valuable tool for extracting topological relationship information from 2D concave objects. The present paper builds both on (Matsakis et al. 2001 ) and (Matsakis and Nikitenko, to appear). It lays the foundation for generating a linguistic description that captures the essence of the topological relationships between two complex regions in terms of the thirteen Allen relations. The notion of the Fhistogram is briefly described in Sect. 2. The way F-histograms can be coupled with Allen relations using fuzzy set theory is examined in Sect. 3. Section 4 describes experiments on real data. It shows that the F-histograms associated with a given pair of objects carry lots of topological relationship information. An index to measure the complexity of the relationships in an arbitrary direction is developed in Sect. 5. This index will play an important role in the generation of linguistic descriptions. Conclusions are given in Sect. 6.
F-Histograms
As shown in Fig. 1 , the plane reference frame is a positively oriented orthonormal frame (O, i , j ). For any real numbers and v, the vectors i and j are the respective images of i and j through the -angle rotation, and (v) is the oriented line whose reference frame is defined by i and the point of coordinates (0,v) -relative to (O, i , j ). An object is a nonempty bounded set of points, E, equal to its interior closure 1 , and such that for any and v the intersection E (v)=E (v) is the union of a finite number of mutually disjoint segments. An object may have holes in it and may consist of many connected components. E (v) is a longitudinal section of E. Finally, T denotes the set of all triples ( ,E (v),G (v)), where and v are any real numbers and E and G are any objects. Now, consider two objects A and B (the argument and the referent), a direction and some proposition P AB ( ) like "A is after B in direction ," "A overlaps B in direction ," or "A surrounds B in direction ." We want 1 In other words, it is a 2D object that does not include any "grafting," such as an arc or isolated point.
